ras point mutations by polymerase chain reaction using mutation-specific, inosine-containing oligonucleotide primers. Biochem. Biophys. Res The ability to rapidly and inexpensively genotype large numbers of individuals has become increasingly important in a wide range of applications, from genomics and linkage mapping to population genetics research. Several methods are available that make use of the polymerase chain reaction (PCR) to rapidly assay base substitution polymorphisms. Examples include restriction enzyme digestion, allele-specific oligonucleotide hybridization, ligation capture, allele-specific PCR (ASPCR) and others (1) . We focus on an alternative detection method for ASPCR (4, 9) . The method we describe uses a doublestranded (ds)DNA-specific fluorescent dye (PicoGreen ® ; Molecular Probes, Eugene, OR, USA). Under the conditions of this assay, PicoGreen is substantially more sensitive to doublestranded than to single-stranded DNA. Consequently, there is no need to separate the products electrophoretically nor to precipitate, spin dialyze or bind the product to a streptavidin-coated plate as is typically done to eliminate unincorported primers. In the procedure described here, amplified products are transferred to microplates containing the dye and the plates scanned with a fluorescence plate reader. Emissions values are logged directly to a spreadsheet, and genotypes are inferred from the emissions values according to empirically established criteria. For studies seeking to use ASPCR to assay biallelic base substitution or insertion/ deletion polymorphisms, this method represents a dramatic increase in throughput and a reduction in cost over previous methods.
We have developed an ASPCR assay for a GA transition in the p53 protooncogene of chinook salmon ( Oncorhynchus tshawytscha ). As an illustration of the use of dsDNA-specific dye in ASPCR, we genotyped 32 individuals in a blind sample for the p53 - a Genotypes were assigned according to log n -transformed ratios of A-specific fluorescence to B-specific fluorescence and subsequently confirmed by restriction enzyme digestion.
b Fluorescence values of controls are subtracted from respective samples.
Benchmarks
sign of ASPCR primers. Salmon genomic DNA used as template for AS-PCR in this study was prepared by standard methods of proteinase K digestion and phenol/chloroform extraction (8) . This study used one forward primer amplifying both alleles of the p53 protooncogene in chinook salmon (6) . Two allele-specific reverse primers were designed, each with its 3′ terminus positioned at the base to be assayed. The sequences of the allele-specific primers were: p53HhaA-R1, 5′-GCA CCT CAA AGG AGC GC-3′ and p53HhaB-R1, 5′-GCA CCT CAA AGG AGC GT-3′.
The principal of ASPCR is relatively straightforward. DNA aliquots from each individual are placed in two separate amplification reactions, each containing one allele-specific primer and both challenged with the same forward primer (this may vary in practice; e.g., the assay may be carried out in a single reaction if the primers are labeled in different colors). Allele specificity is obtained if one or both alleles are complementary to the allele-specific primer, causing correct base pairing to occur at the 3′ terminus of the primer and extension to be initiated. If, on the other hand, the individual to be genotyped is homozygous for the other allele, then the mismatch at the 3′ terminus results in priming with much lower efficiency (7). The reduction in priming efficiency depends on the particular mismatch involved (2,3). The relative difference in yield between the two reactions is used to infer the genotypes of individual fish.
Optimal annealing temperatures were developed initially with a RoboCycler ® Gradient 96 Temperature Cycler (Stratagene, La Jolla, CA, USA). Final optimization was carried out in a BioOven III forced-air thermal cycler (St. John Associates, Beltsville, MD, USA). Annealing temperatures were as follows: 5 cycles at 68°C, 20 cycles at 65°C and 15 cycles at 55°C. In each cycle, denaturation was carried out at 95°C for 1 min, annealing at the temperatures given above for 1 min and extension at 72°C for 2 min. In a 20-µL reaction volume, about 20-50 ng of genomic DNA were used as template with 10 mM Tris-HCl, pH 9.0, 0.1% Triton ® X-100, 1.5 mM MgCl 2 , 0.1 µM each primer, 0.1 mM each dNTP and 0.5 U Taq DNA polymerase. Negative control samples were included for each AS-PCR amplification containing all reagents except genomic DNA.
In this study, 5 µL of each PCR product were combined with 95 µL of a PicoGreen working stock solution Genotypes were assigned using the log n -transformed ratios of the emissions readings from the two allele-specific reactions (Table 1) . Genotypic standards were used initially to establish criteria for inferring genotypes of blind test samples. The log n ratios for the test samples fell into three discrete classes, allowing unambiguous assignment of genotypes. Genotypes were verified by restriction digestion of the full-sized PCR product (6) . All 32 test samples were correctly genotyped by ASPCR, and 95% prediction intervals for the log n ratios in each of the three genotypic classes were nonoverlapping (Figure 1 ). Although prediction intervals for the AA and AB genotypic classes were nonoverlapping at greater than 99%, the low frequency of the B allele and resulting small sample of BB homozygotes produced a somewhat broader prediction interval for this class. We suspect that in practice, less than 1 individual in 100 would be misclassified.
The use of PicoGreen or a comparable dsDNA-specific dye to detect the presence or absence of amplification products provides many significant benefits over more conventional methods. The most important is increased throughput and reduced cost due to reduction in the number of steps in the process. No electrophoresis is involved, and there is no precipitation or binding and washing. No labeling of PCR primers is required, thus reducing costs and increasing versatility. Although we used a plate reader that could match the PicoGreen excitation maximum of about 480 nm, we were interested to know if genotyping could be done using more widely available laboratory equipment. Incidental observations suggested that genotyping could be done by eye on a standard 365-nm transilluminator.
In the course of optimizing ASPCRs and developing the assay for this and other loci, we have identified one significant drawback to the technique. However, this relates primarily to AS -PCR in general rather than to the use of dsDNA-specific dye. We found that ASPCR assays that discriminate singlebase substitutions require substantial optimization to get both allele-specific primers to work well at a single temperature. This is especially true of substitutions other than GC transversions, because they involve a T in either the template or the primer. Under some conditions, mismatches involving a T (i.e., T mispaired with T, C or G) prime nearly as well as correctly paired primers (2, 3, 5) . Despite reservations about the difficulty of optimizing ASPCRs, we believe that the use of dsDNA-specific dye offers an appealing alternative to traditional methods of ASPCR. (6) . Ranges represent 95% prediction intervals based on the distribution of log n ratios presented in Table 1 . Empirically derived criteria for assigning genotypes were as follows: AA >1.5, AB 0-0.8, BB <-1.2. Any sample showing an absolute fluorescence less than 5000 in both reactions would have been considered a failed reaction.
